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Since then several authors have analysed the cryoprecipitation reaction as well as the cryoprecipitated proteins. 2 3 In 1974, Brouet and colleagues proposed a classification based on the type of protein that constitutes the cryoprecipitate. 4 This classification has always had the disadvantage of associating diseases with very diVerent aetiology and outcome, in the same group. In addition to cryoglobulinaemia secondary to well defined pathologies, Brouet and colleagues realised that a large proportion (30%) of patients had no known disease. This group of idiopathic cryoglobulinaemia has been referred to as "essential" cryoglobulinaemia. Since our initial report in 1990, 5 it has become clear that most of these essential cryoglobulinaemias are in fact associated with hepatitis C virus infection. The description of a cryoglobulinaemia therefore has to take into account this important new finding.
What is a cryoglobulin?
The definition is based on an in vitro observation. A cryoglobulin is a globulin that precipitates when the serum is incubated at a temperature <37°C. Each cryoglobulin has an individual thermal curve with well defined kinetics of precipitation. Sometimes there is a good correlation between the thermal amplitude and the clinical signs (purpura after cold exposure) but in general cryoprecipitation is perceived as an in vitro artefact, with little or no direct pathological consequences in organs other than the skin. Indeed it is thought that the accumulation of cryoglobulins, for instance in the renal glomeruli, could not be explained for by a decrease in temperature. In a model of cryoglobulinaemia it could be demonstrated that when mice were kept in an external environment of 37°C no disease developed, whereas skin vasculitis and glomerulonephritis were the hallmarks of mice kept at normal room temperature (20°C). 6 Probably cryoimmunecomplexes developed under low temperature conditions in the skin, were dragged oV by the blood stream and deposited in the kidney before having been redissolved.
Classification of cryoglobulins
The classification proposed by Brouet and colleagues 4 in 1974 is clearly the most used and the best accepted.
Type I includes cryoglobulins consisting of a monoclonal immunoglobulin (Ig) only (paraprotein), most frequently IgM, occasionally IgG, and rarely IgA. These cryoglobulins are mostly found in patients with lymphoproliferative diseasesincludingmultiplemyeloma,Waldenström'smacroglobulinaemia, non-Hodgkin's lymphoma, and chronic lymphocytic leukaemia. Some cases represent monoclonal gammopathia of undetermined significance.
Type II includes cryoglobulins consisting of a mixture of immunoglobulins of diVerent isotype, one of the immunoglobulins being a monoclonal Ig. The monoclonal Ig is an antibody directed at the Fc portion of normal IgG-that is, it is a rheumatoid factor (RF). The association between the monoclonal RF and polyclonal IgG produces immune complexes that precipitate in the cold. In general the monoclonal RF is an IgM, however, IgG and IgA have been reported. The most frequent causes of this type of cryoglobulinaemia are chronic hepatitis C virus (HCV) infection, macroglobulinaemia, and Sjögren's syndrome. 7 8 Type III cryoglobulins are constituted by a mixture of polyclonal immunoglobulins belonging to diVerent isotypes. In practice the association of IgM and IgG polyclonal antibodies is the most frequent combination. Very often the IgM contains polyclonal RF, which react with the IgG. Such cryoglobulins are observed during many viral (including HCV), bacterial or parasitic infections, as well as in a series of autoimmune and tumoral disorders. Analysis of cryoglobulins type III from patients with chronic HCV by immunoblotting 9 or by bidimensional electrophoresis 10 has shown that many contain oligoclonal rather than polyclonal IgM. This type of cryoglobulin could represent an intermediate state, and maybe an evolution from type III to type II cryoglobulins-that is, from a state of polyclonal IgM RF production towards a state of monoclonality.
Many authors have used other terms such as "mixed cryoglobulins" in contrast with monoclonal cryoglobulins. Mixed cryoglobulins correspond to type II and type III of Brouet. Finally, the existence of cryoglobulins that do not fit well into any of the categories described above should be noted.
Cryoglobulin measurements today
The methods used for the quantification of cryoglobulins are not uniform. No international committee has tried to standardise cryoglobulin measurements. Therefore cryoglobulins are either frequently or rarely observed in a particular disease depending on the definition used and the way in which the cryoglobulin was quantified. Some aspects of the measurements are however respected by everybody. Firstly, the blood collected must be maintained at 37°C from the start so as not to lose cryoglobulins, which precipitate as soon as the temperature falls below 37°C. Once the blood has coagulated the serum is separated by centrifugation at 37°C. The serum should then be freed of fibrinogen, which could, like several other plasma proteins, precipitate in the cold. It is clear that this separation cannot be perfect in patients who are anticoagulated, particularly when receiving intravenous heparin. The serum is left for four days between 0°C and 4°C. The serum is then centrifuged and the cryocrit measured in a similar way as a haematocrit. The cryocrit will of course depend on the speed and length of centrifugation, both of which have not been standardised. In this test, the definition of a cryoglobulin will also depend on its "visibility". A small amount of cryoglobulins will not be visible and a cryoglobulin with a special physical aspectlike a cryogel-can be missed. An alternative is to measure the quantity of proteins that remain attached to the bottom of the tube after centrifugation. Here there are also diVerences from one laboratory to another. Should the precipitate be washed, how often, and in which buVer? Should it be resuspended at 37°C and only measure the solubilised proteins? From our experience these parameters can completely modify the results. Each wash is associated with a loss of protein resulting from dilution and maybe also result from a modification of the medium (for example, loss of factors that favour precipitation in the cold such as fibronectin). In addition a large fraction of cryoproteins do not redissolve, or only partially redissolve.
Lastly, the conditions that are optimal for one cryoglobulin are not necessarily optimal for another one because of variability of cryoglobulins physical and chemical properties. In many laboratories a cryoglobulin is defined by the presence of more than 50 µg of protein per millilitre of serum after 96 hours of incubation at 4°C and three washes with a phosphate-NaCl buVer at 4°C. Also, diVerent techniques like immunoelectrophoresis, immunofixation, immunoblotting or bidimensional electrophoresis make it possible to determine the isotype and clonality of cryoglobulins in the cryoprecipitate, and exclude the presence of another cryoprotein (cryoalbumin, cryofibrinogen, etc).
What are the most frequent clinical signs?
In many patients the clinical presentation includes the signs of the underlying disease. Only those thought to be specific for cryoglobulins will be listed here.
Cryoglobulinaemia leads to systemic vasculitis because of a direct obstruction of the vessels, or to inflammation induced by the deposition of the Ig aggregate mediated to a large extent through complement activation. Most frequently small arteries and veins are involved. Purpura, with sometimes severe ulcerations of the legs, is described in almost 100% of the patients. Other skin manifestations include urticaria, Raynaud's phenomenon with sometimes acral necrosis. Clinical relevant distal symmetric sensomotorical polyneuritis is frequent (in 20% of patients and if systematically explored up to 86% 11 ), whereas the more dramatic acute mononeuritis (multiplex) or stroke are seen more rarely. Abdominal pain (20%) is best explained by vasculitis of the gastrointestinal tract. Membranoproliferative glomerulonephritis (MPGN) is found in many patients, although the prevalence is diYcult to estimate. Probably MPGN occurs in around 10-30% of patients often as a late and severe manifestation of the disease. 2 4 7 8 12-14 It is accompanied by hypertension. The arthralgia is a frequent symptom (70%), although it rarely evolves into real arthritis. No organ is spared from the possible damage of cryoglobulins and the clinician should include cryoglobulinaemia in its diVerential diagnosis when confronted with any form of systemic vasculitis.
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Prognosis and treatment
Most often the underlying disease process determines the prognosis. For example in type I cryoglobulinaemia, the prognosis is certainly given by the proliferation of the B cell clone-that is, multiple myeloma versus monoclonal gammopathia of underdetermined significance. Liver failure occurs in patients with cryoglobulinaemia secondary to HCV hepatitis. Lymphoma complicates many cases of cryoglobulinaemia secondary to Sjögren's syndrome. However, in many patients (30%), the vasculitis is responsible for irreversible lesions and death. Corticosteroids have been used in an attempt to block the vasculitic process and reported to produce short-term benefit, but whether they improve the overall survival is not known. Immunosuppression has been used in patients with cryoglobulinaemia secondary to autoimmune diseases with some success. It is ironic to see that "mixed essential cryoglobulinaemia" had been considered to be of autoimmune origin and treated as such for years-inducing partial remissions according to many authors. The specific treatment of HCV infection in these patients with interferon over the past years has however produced much better results. Much attention has been devoted to remove the damaging cryoglobulins particularly in patients having a monoclonal component (type I and II). Intensive plasmapheresis reduces purpura and skin lesions and improves the healing of skin ulcers. Occasionally for the patients in whom the very high amount of cryogobulins was responsible for vascular obstruction, the eVect might even be excellent (for example, reversal of anuric renal failure caused by plugging of the glomeruli). It has however little eVect on already established tissue destruction. Plasmapheresis is costly and cumbersome for many patients, who would prefer their leg ulcers rather than attending regular sessions of plasma removal. Particular attention should also be given to the replacement volume. When only sodium choloride is given, oedema might develop because of hypoalbuminaemia. Fresh frozen plasma has too many drawbacks to be used (anaphylactic reactions, transmission of infections, etc) and IgG replacement for preventing hypoIgG is dangerous in those patients who have a monoclonal (or polyclonal) RF. Indeed, adding the Ag (IgG) in a disease state characterised by large amounts of Ab (RF) may induce acute immune complex disease. 15 Finally, some patients have signs of anaphylaxis when the procedure is not carried out at 37°C.
The special case of HCV associated cryoglobulinaemia
The high prevalence of liver disease in patients with mixed essential cryoglobulinaemia, as reported until 1990, is in retrospect very easy to understand because cryoglobulins (type II and III) are a hallmark of chronic HCV infection.
A high prevalence of mixed cryoglobulins in chronic HCV infection has been reported in many studies. 8 16 In the study by Lunel et al, 17 mixed cryoglobulins were detected in five of 136 normal blood donors (concentrations between 0.02 and 0.03 g/l). About one third of patients with chronic liver diseases (alcoholic, viral but non-A non-B non-C, autoimmune and primary biliary cirrhosis) had low concentrations of cryoglobulins (mean (SD)) (0.08 (0.03) g/l), most of these had advanced disease with significant hypergammaglobulinaemia, hypoalbuminaemia, and cirrhosis. Only six of 40 patients (15%) with chronic hepatitis B had detectable cryoglobulins-that is, a prevalence that did not diVer from other liver diseases. The six positive patients had also higher gammaglobulin values than the other patients with chronic hepatitis B. Thus the association of cryoglobulinaemia and hepatitis B is certainly not specific and the disease entity cryoglobulinaemia/hepatitis B should be questioned. 18 19 The association between cryoglobulins and chronic hepatitis C infection was evident: 69 of 127 (54%) patients were positive (mean value = 0.23 g/l, range 0.03-1.5 g/l), 22 had a cryoglobulin type II and 47 had a cryoglobulin type III. Only 18 of 69 patients had clinical signs of generalised vasculitis. The cryoprecipitates were rich in HCV RNA and in HCV antibodies suggesting the formation of specific immune complexes, although coprecipitation in vitro is certainly not suYcient evidence for the existence of circulating immune complexes. 17 20 21 Liver cirrhosis and a longer duration of clinical or biological signs of hepatitis were both significantly associated with the presence of cryoglobulins confirming previous analyses. 16 The finding of RF is common in chronic HCV infection (75-100%). [22] [23] [24] The formation of RF(anti-IgG)/IgG immune complexes is the major step preceding cryoprecipitation. RFs are found in many chronic infectious diseases other than HCV infection and their presence does not necessarily mean autoimmunity. In rheumatoid arthritis, the IgM RF that has been cloned show often multiple somatic mutations, which would indicate a specific immune response against a specific antigen. On the other hand, monoclonal IgM from patients with chronic lymphocytic leukaemia shows only exceptionally such mutations indicating a germ-line configuration. Recently Crouzier et al analysed the monoclonal RF producing B lymphocytes from a patient with chronic HCV infection 25 and found clear evidence for some degree of somatic mutations. This preliminary finding would suggest that the RF in HCV infection is something diVerent from a true "malignant" clonal proliferation but is also not identical to the RF of autoimmune diseases.
In conclusion, cryoglobulins are often found in patients with HCV infection and a necessary step for their development seems to be long standing infection with liver disease and hypergammaglobulinaemia. Because chronic HCV infection often progresses without any clinical or laboratory abnormality, only a liver biopsy will show the presence of hepatitis in many patients. 26 The absence of hepatitis on liver biopsy in a patient with cryoglobulinaemia and HCV infection (tested by the presence of HCV RNA and a positive serology) is rare enough to merit publication. 27 However, it may be possible that chronic liver disease is not an obligatory step in the progression towards cryoglobulinaemia. The HCV is also found in diVerent types of leucocytes 28 and may stimulate the production of cryoglobulin by itself or with the help of another factor.
Finally, it is worth emphasising that the prevalence of HCV infection in patients with suspected cryoglobulinaemia is high. In our laboratory the prevalence increased directly with the amount of cryoglobulins detected (see table 1 ), indicating that HCV has to be looked for in patients with high values of cryoglobulins.
Sjögren's syndrome and lymphoma
Cryoglobulins are often found in patients with Sjögren's syndrome 29 and the frequent progression of this disease to malignant lymphoma has been recognised by many authors (probably around 30%). A sicca syndrome is frequently found in HCV cryoglobulinaemia, however the histology of the salivary glands and more so the presence of specific Ab (Ro/SS-A) for Sjögren's syndrome permits a clear distinction between the two. 30 31 Although HCV cryoglobulinaemia can progress to lymphoma, it is most often of low grade and exceptionally is responsible for the death of the patient.
Conclusion
Cryoglobulins have fascinated clinicians for 65 years. Today most patients having clinical signs of cryoglobulinaemia have a well identifiable disease. The most frequent cause is chronic HCV infection with liver damage. Interferon induces remission in half the patients. A B cell line clone, in case of monoclonal cryoglobulinaemia, can be treated appropriately with chemotherapy and possibly in the future with intensive chemotherapy and the support of peripheral stem cells. Sjögren's syndrome should be recognised as well, so as to provide the appropriate treatment. The same is true for chronic infections and leukaemia. Once these possibilities have been excluded, a small number of patients will remain with true idiopathic (essential) cryoglobulinaemia. 
